• AIM: To elucidate the mechanism of multidrug resistance in retinoblastoma, and to acquire more insights into in vivo drug resistance.
INTRODUCTION

R
etinoblastoma is a cancerous growth of immature retinal cells and a disease found exclusively in young children [1] . Of all the pediatric malignancies, retinoblastoma accounts for 4% [2] , occurring in one in every 16 000-18 000 live births worldwide [3] . Survival rate for retinoblastoma in India is estimated at 48% owing to metastasis, secondary tumor formation by radiation therapy and late diagnosis [4] . It is caused by both genetic as well as sporadic means. Though leukocoria and strabismus are the initial symptoms for diagnosis, the treatment regime is based on laterality of retinoblastoma, age of the child and stage of the disease. Although, enucleation and external beam radiotherapy are the century old primary treatment options available, the current clinical practice includes chemotherapy [5] . To prevent metastasis and formation of trilateral retinoblastoma, bilateral retinoblastoma cases routinely need chemotherapy [6] . To preserve the vision, the main purpose is to reduce the tumor size, prevent metastasis and exclude central nervous system (CNS) involvement to further facilitate local treatment methods. Moreover, malignancies that invade the CNS may evade the chemotherapeutic drugs become of their inability to cross the blood brain barrier. To date, the standard chemotherapeutic agents used for intraocular retinoblastoma is the combination of vincristine, etoposide and carboplatin (VEC). In 2006, Shields et al [7] used the same VEC formulation against 249 eyes categorized into 4 groups and achieved significant treatment success. However, along with chemoreduction, local treatment methods like thermotherapy or cryotherapy was also used in combination. Combined treatment has earlier shown much better results in retinoblastoma as compared to chemotherapy alone [7] [8] .
But, chemotherapy alone has shown poor efficacy in more advanced tumors and tumor recurrence was seen very often [9] [10] . One possible reason for this could be the development of drug resistance by the cancer cells owing to expression of multidrug resistant proteins [11] [12] [13] [14] , genomic alterations, in addition to tumor proliferation and deregulation of apoptotic pathways [15] [16] [17] [18] [19] . Thus, the intrinsic mechanisms by which retinoblastoma resist chemotherapy or acquire drug resistance after treatment remains to be determined. In this study, to elucidate the molecular mechanisms leading to multidrug resistance (MDR) in retinoblastoma, drug resistance retinoblastoma Y79 cells were generated. To acquire more insights into in vivo drug resistance, primary cultures of enucleated eyes after chemotherapy were also prepared. Their chemosensitivity to chemotherapeutic agents (vincristine, etoposide and carboplatin) were measured using MTT assay. A number of proteins (p53, Bcl-2 and MDR associated proteins i.e. P-gp, Mrp-1 and Lrp) involved in the development of drug resistance were analyzed using Western blotting.
MATERIALS AND METHODS
The National Centre for Cell Sciences, Pune, India was contacted for providing Y79 human retinoblastoma cell line. The procured cells were supplemented with heat-inactivated fetal bovine serum (FBS-10%) and penicillin-streptomycin (1%) in tissue culture flasks. Cells were then grown in suspension in RPMI-1640 medium. A constant temperature of 37℃ and 5%CO 2 was provided for culture growth. For preparing primary cultures, surgically resected tissue specimens from enucleated eyes of retinoblastoma patients were obtained from Dr. Rajendra Prasad Centre for Ophthalmic Sciences, All India Institute of Medical Sciences, New Delhi, India. All patients were signed an informed consent form. The study complied with the principles of the Declaration of Helsinki. Cultures were maintained in a humidified atmosphere of 5% CO 2 /95% air at 37℃. Post cells confluence, harvesting and plating for further passages and drug treatment was pursued. To understand the MDR phenomena in retinoblastoma, drug resistant retinoblastoma cells were generated following Zhang et al [20] method. Cultured cells in RPMI medium were Figure 1 ). To study the MDR in retinoblastoma patients, primary cultures of enucleated eyes after chemotherapy were prepared and effects of drugs on these cells were assessed by MTT assay ( Figure 2 ). Cells showed less sensitivity to drugs. Western blot analysis was performed to evaluate the expression of p53 and Bcl-2 in drug resistant Y79 cells as well as in primary cultures of enucleated eyes after chemotherapy and compared with Y79 cells and primary cultures of primarily enucleated eyes. No significant changes observed in the p53 expression, whereas Bcl-2 expression was found to be increased in the drug resistant cells as well as in primary cultures of enucleated eyes after chemotherapy ( Figure 3 ). Increased expression of P-gp was observed in drug resistant Y79 cells; however there was no significant change in the expression of P-gp found between primary cultures of primarily enucleated eyes and primary cultures of enucleated eyes after chemotherapy ( Figures 4A and 5A ). Mrp-1 expression was found to be elevated in the drug resistant Y79 cells as well as in primary cultures of enucleated eyes after chemotherapy ( Figures 4B and 5B) . No significant change in the expression of Lrp was observed in the drug resistant Y79 cells as well as in the primary cultures of enucleated eyes after chemotherapy ( Figures 4C and 5C ). DISCUSSION Being the most common intraocular malignant tumor in children, finding the best treatment strategy for retinoblastoma is at the fore. Malignancy in retinoblastoma that progressively involves the extra orbital regions of the eye and later on the CNS compels the patients to go for enucleation which is aesthetically the last option a patient have. As a result, novel studies and research for newer treatment options with minimal side effects and maximum efficacy against retinoblastoma are continuously being searched and conducted. The management of retinoblastoma has evolved over the past decade through the advances in the development of large number of therapeutic agents. Prior to enucleation, chemotherapy provide one such better option for globe salvage. But, drug resistance poses a major barrier in retinoblastoma treatment. To overcome it, investigation of the mechanisms of drug resistance using in vitro MDR cell lines has been performed in the past decades. Our study successfully generated 3 anticancer drug resistant Y79 human retinoblastoma cells with RI greater than 3.0 against the drugs vincristine, etoposide and carboplatin. Moreover, primary cultures of enucleated eyes after chemotherapy were also prepared to understand the mechanism of drug resistance in retinoblastoma. Chemosensitivity to vincristine, etoposide or carboplatin were measured by MTT assay and cells showing less sensitivity to drugs were processed for further studies to understand the mechanism of MDR. p53 gene mutation have been described earlier as predictors of poor response to chemotherapy in B cell lymphomas patients that reduce complete response rate of the patient. Our study assessed the p53 expression in all the 3 drug resistant Y79 cells as well as in primary cultures of enucleated eyes after chemotherapy to determine whether changes in p53 expression occur during the development of drug resistance. Our results demonstrate no changes in the expression of p53 in drug resistant Y79 cells. No differences were found in the p53 expression between primary cultures of primary enucleated eyes (which showed more sensitivity to drugs) and cultures of enucleated eyes after chemotherapy (which showed less sensitivity to drugs). Our results suggest that changes in p53 expression are not critical for the development of MDR in human retinoblastoma cancer cells. However, this does not exclude the fact that cells with acquired p53 gene mutations are more resistant to chemotherapy and radiation than wild type p53 containing cells, as observed by other groups [21] . Bcl-2 is another protein which is known to inhibit apoptosis and promote cell survival by blocking cell death induced by a variety of stimuli and renders cells resistant to a range of cytotoxic drugs [22] [23] . Ability of the chemotherapeutic drugs to initiate apoptotic pathways lead us to determine whether deregulated Bcl-2 expression could render cells resistant to drugs commonly used in the treatment of retinoblastoma, including vincristine, etoposide and carboplatin. Overexpression of Bcl-2 confers drug resistance in vitro by inhibiting apoptosis. This study has addressed the possible role of Bcl-2 in the development of drug resistance in resistant Y79 cells as well as in the primary cultures of enucleated eyes after chemotherapy. Increased level of Bcl-2 expression has been observed in drug resistant Y79 cells as well as in the primary cultures of enucleated eyes after chemotherapy. Generally, chemotherapeutic drugs are administered to retinoblastoma patients in cycles of intensive treatment followed by periods of recooperation to reduce their potentially fatal side effects; our findings raise the possibility that at least some malignant cells having deregulated Bcl-2 expression could survive in vivo and begin to proliferate again between cycles of chemotherapy. Another possibility is that Bcl-2's ability to keep cells alive for several days despite drug treatment may create greater opportunities for retinoblastoma cells to acquire additional genetic alterations that could allow the cells to achieve true drug resistance and thus both survive and proliferate in the presence of certain antineoplastic agents. One of the major causes of chemotherapy failure in human malignancies is MDR, which is a major obstacle in cancer treatment. Besides several other mechanisms, role of two different membrane proteins, P-gp and Mrp-1, belonging to same ATP binding cassette superfamily of transport proteins has been well established in the acquisition of the MDR phenotype [24] [25] [26] . Scheper et al [27] first discovered Lrp in non P-gp drug resistant cell lines. Clinical studies have reported that Lrp expression predicts drug resistance and poor outcome in patients with acute myelogenous leukaemia, ovarian cancer and other cancers. To overcome MDR, Sreenivasan et al [28] showed in vitro and in silico inhibitory effects of curcumin on MDR associated protein (MRP1) in retinoblastoma cells. Jia et al [29] suggested silencing of ATP-binding cassette, subfamily G, member 2 (ABCG2) by microRNA-3163 to inhibit the MDR in retinoblastoma cancer stem cells (RCSCs). Moreover, an anticancer agent piperlongumine (PLGM) was suggested for drug Email:ijopress@163.com resistant human retinoblastoma cell lines HXO-RB44/VCR and SO-Rb50/CBP [30] . In the present study, Western blotting was performed to see the expression of MDR proteins in the drug resistant Y79 cells as well as in primary cultures of enucleated eyes after chemotherapy (which showed less sensitivity to drugs). Increased P-gp expression was found in all the three drug resistant Y79 human retinoblastoma cells as compared to Y79 retinoblastoma cells. Whereas, no change was found in the expression of P-gp between primary cultures of primarily enucleated eyes and the primary culture of enucleated eyes after chemotherapy. Moreover, increased Mrp-1 expression was seen in both the drug resistant Y79 cells as well as the primary cultures of enucleated eyes after chemotherapy. No changes in the expression of Lrp were found in the drug resistant Y79 retinoblastoma cells as well as in the primary cultures of enucleated eyes after chemotherapy as compared to their respective controls. Cancer cells are known to express large amounts of P-gp. P-gp reduces the efficacy of the chemotherapeutic agents by ATP dependent efflux, rendering these cancers MDR. In addition, a general antiapoptotic role for P-gp has been proposed. P-gp expression has been studied in different neoplasms and increased expression has been found in several epithelial tumors, such as those of the colon and breast. Association of P-gp with p53 and cell proliferation has been seen in breast carcinomas but not in colorectal carcinomas and hepatocellular carcinoma. Gastric cancer patients without prior chemotherapy showed higher expressions of P-gp, Lrp and Mrp-1, indicating existence of innate drug resistance [31] . Some studies of myeloma, lymphoma, neuroblastoma, acute myelogeneous and acute lymphoblastic leukemia have shown that the presence of P-gp correlated with poor prognosis and the absence of this protein with long term disease free survival [32] [33] [34] . Overexpression of Mrp-1 protein in cells confers resistance to various anticancer drugs. Activation of PI3K/Akt pathway has been shown to express Mrp-1 and chemoresistance in prostate cancer cell lines and acute myeloid leukemia [35] . Similar over expression pattern has been observed in various other malignancies viz. pancreatic cancer [36] , lung cancer [37] , breast cancer [38] and glioma [39] . Lrp protein was initially described in non-small cell lung cancer cell lines that lacked P-gp. Also, it was found that Lrp was present in many human cancer cell lines that have not previously been exposed to drugs. Lrp expression of cell lines is associated with resistance to doxorubicin, vincristine, carboplatin, cisplatin, and melphalan. Lrp expression was associated with poor response to chemotherapy and shorter overall survival, which suggests that Lrp is a clinically relevant drug resistance factor in diffuse large B-cell lymphoma [40] .
A similar predictive and prognostic value of Lrp expression has been reported for acute myeloid leukemia, multiple myeloma, childhood acute lymphoblastic leukemia and locally advanced bladder cancer [41] [42] [43] . However, despite several studies having been conducted on the expression of MDR proteins in retinoblastoma, the exact expression pattern and the prognostic value of these proteins in retinoblastoma are not clear so far. In another study on retinoblastoma cell line HXO-RB, the investigators observed that tumor cell lines expressed both P-gp and Mrp-1 [44] . Wilson et al [14] conducted study to elucidate the specific ABC transporters in the treatment of retinoblastoma. They found variable expression of P-gp, Mrp-1, Mrp-2, Mrp-4, and Bcrp in primarily enucleated retinoblastoma. The similar expression of these MDR proteins in tumors treated with chemotherapy and/or external-beam radiotherapy (EBRT), but no significant difference was observed. Furthermore, they found a minor correlation between Mrp-2 and pregnane xenobiotic receptor (PXR). Kamburoglu et al [13] demonstrated that retinoblastoma intrinsically expresses both P-gp and Mrp-1 and their expressions are not related to differentiation. The expressions of P-gp and Mrp-1 do not seem to be induced by chemotherapy and are not related to the degree of invasion. Li et al [45] demonstrated that the intrinsic MDR of retinoblastoma involves the combined effects of P-gp, Lrp and Mrp-1. A study demonstrates that moxifloxacin modulate the permeability and potentiate antiproliferative activity of anticancer agents (topotecan, etoposide and vinblastine) in retinoblastoma cells [46] . This may suggest that moxifloxacin may modulate the anticancer mediated release of proinflammatory cytokines. Sreenivasan et al [47] showed that curcumin can suppress the MDR1 expression and function, and therefore may be useful as modulators of MDR in retinoblastoma tumor. Selective intraarterial chemotherapy (IAC) has been adopted by many ocular oncology centers to treat advanced intraocular retinoblastoma. They revealed that possible causes for failure of IAC include poor vitreous penetration, inactive state of tumor seeds within the avascular vitreous cavity, and chemotherapeutic drug resistance [48] . Our results, when compared with previous studies, suggest that retinoblastoma expresses MDR proteins intrinsically. This does not exclude the possible selection of a chemoresistant clone of cells that innately expressed MDR protein as a cause of treatment failure. This conclusion is supported by the previous studies conducted by others in retinoblastoma which shows the presence of MDR proteins in primarily enucleated eyes. We therefore suggest that it is the innate expression of the resistance proteins by the tumor, not the induction of that expression, which results in treatment failure. The urge for overcoming the resistance encountered by the prolonged usage of chemotherapeutic drugs necessitates a deeper understanding of the underlying pathways that favors cell survival and inhibits apoptosis.
